Guava seed is by-product from the consumption of guava fruits. We interested to explore further the potential of guava seed waste using fermentation method. The purpose of this research was to determine the ability of biofilm formation produced from fermentation of guava seed. Fermented guava seed was prepared by solid-state fermentation method using banana leaves wrap at 37 °C for 72 h. It was then continued with isolation and screening of bacteria from the fermentation products, preparation of bacteria cultures to be used in biofilm formation, and formation of biofilm by glass slides and broth cultures methods. The edible biofilm formation by glass slide method was observed by light microscopy using 0.5 % Crystal Violet dye, while biofilm formation by broth cultures method was observed by transmission electron microscopy (TEM) using phosphotungstic acid 2 % dye. The results show that there were 3 (three) strains lactic acid bacteria (LAB) candidates isolated from fermented guava seed waste product (J6, J7, and J8 strains). The observation by light microscopy showed that J7 strain was the only strain which was unable to form biofilm by glass slide method. All the strains showed the ability to form biofilms in different stages by broth cultures method. Thus, guava seed fermentation was able to produce edible biofilm but the LAB strains still need to be identified further.
Introduction
Biofilm become scientist' interest due to their significance in nature. It has function as barriers covering some solid surfaces to protect microbial community from the environmental stresses. Biofilm can be developed in any surfaces such as plastic, metals, glasses, woods, soils, tissues and food materials, depends on the nutrient availability on the surfaces. To form biofilm, microorganisms should make attachment into the surfaces, mediated by pili, fimbriae, or flagella [1] . This aggregation of microorganisms is then releasing extra polymeric substances (EPS) matrix such as polysaccharides, lipids, proteins or combination from all of the substances which comprise about 85 % volume, that create flexible layers over the surfaces. The compositions of the substances are correlated with species of microbes, age of biofilm formation and environmental factors [2] .
Microbial biofilms are sometimes known to be responsible for health infections, deterioration of water quality and food contamination [1] .
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Edible biofilm can be developed from indigenous microbes which refers to generally recognize as save (GRAS) microorganisms isolated from fruits, vegetables or another food materials. Guava (Psidium guajava) contains 12 % of inedible seeds that usually consider as waste. According to [6] , guava seeds may contain protein (9.73 % dry weight), glutelin globulin, albumin, and fibers [7] . Thus, there are still plenty nutrients contained in guava seeds. However, study on microbial diversity in guava seed, as well as its roles and application has not been done so far. Fermentation of seed may increase nutrients composition and lowering food toxicity. Thus, in this research we tried to isolate indigenous microorganisms from guava seed waste and explore the potential of guava seed waste by using fermentation to produce edible biofilm.
Methods

Fermentation of Guava Seed Waste
Guava seed waste was collected from local juice seller in Yogyakarta, Indonesia. Guava seeds were rinsed using tap water and air-dried overnight. After the seeds dried, they were grinded until become fine powder (flour). Fermentation were done by adding guava seed flour with sterile water (2:1), and subsequently the mixture was wrapped with banana leaves. Fermentation was carried out triplicate at 37 °C for 72 h. Control was done triplicate using unfermented guava seed powder.
Microbial Isolation and Screening from Guava Seed Waste Fermentation
About 10 g of fermented guava seed were transferred aseptically and homogenated in 90 ml sterile saline solution (5 g pepton, 8.5 g NaCl and 1 L destilled water, pH 7,0). It was then inoculated aseptically in MRSAgar (Man Rogosa Sharpe Agar), incubated at 30 °C for 24 to 48 h followed by screening of microorganisms recognized as GRAS.
Edible Biofilm Formation
Edible biofilm formation was done on glass slides and in the broth culture. In order to made biofilm on glass slides, inoculum was transferred to sterile MRS Broth in petridish containing glass slides, incubated at 30 °C for 5 d. After cultivation, glass slides were washed 3 (three) times using aquadest and dried at room temperature. To perform biofilm in broth culture were done by inoculation of potential isolates in MRS Broth in 1.5 mL microtube, incubated at 37 °C for 5 d.
Observation of Biofilm Formation
Dried biofilms on glass slides were observed by light microscopy, referred from the method of [8] with modification. To observed this, glass slides were stained using Crystal Violet 0.5 % for 30 min, washed for 5 (five) times using aquadest, dried in room temperature, and observed by light microscopy. To preview biofilm in the broth culture, it was stained by phosphotungstic acid 2 % dye and observed by transmission electron microscopy.
Results and Discussions
Microbial Screening
Edible biofilm can be produced from probiotics or generally recognize as safe (GRAS) microorganisms so it is safe to be consumed. To do this, we tried to isolate and select probiotic/ lactic acid bacteria (LAB). Several genera included in LABs are Lactococcus, Enterococcus, Oenococcus, Pediococcus, Streptococcus, and Lactobacillus [9] . These bacteria can be grown by culturing in MRSAgar with CaCO3 addition. CaCO3 has function as indicator for lactic acid production from the microorganisms. CaCO3 will be dissolved by acid production resulting clear zone surrounding the microbial colonies. Preliminary screening showed that there were 8 (eight) strain candidates indicated as lactic acid bacteria (Table 1) . 
Biofilm Formation on Glass Slides
Formation of biofilm on glass slides observed using light microscopy and Crystal Violet 0.5 % were showed in Figure 1 . It revealed that in J-6 and J-8 strains, biofilms were seen in purple color, since it was bounded to Crystal Violet 0.5 % stain. The difference between J-6 strain was that biofilm in J-6 strain had formed micro-colony, a grape-like-compact structure with thick biofilm layers, while in J-8 strain, bacteria were still visible as individual and had not made any cluster that was the beginning step of biofilm formation. Moreover, in J-7 strain, purple color was not visible so that it did not show any biofilms production from the strain (Fig. 1) . It showed that biofilm formation produced by microorganisms were strain-dependent. There were potential strains, or less potential in producing biofilm. 
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Biofilm Formation in Broth Cultures
In order to view biofilm in the broth cultures, potential strains J-6, J-7 and J-8 were inoculated in MRS Broth medium at 37 °C for 5 d. Observation by transmission microscopy electron showed that all the strains were capable to produce biofilm in different phase and forms (Fig. 2) . J-6 strain were identified as cocci, with thick and extensive biofilm structure outside the cell walls. J-7 strain were shown as streptococci, with thin, thread-like form biofilm. This biofilm form was almost similar with biofilm formation found in Staphylococcus, as well as amyloid structure in E. coli [10] . While J-8 strain were also considered as cocci with thick biofilm surrounding the cell. Thus, it is showed that biofilm formation were species-dependent as shown by different phase and forms of biofilm. Further identification is still needed in order to determine chemical composition of biofilm in each strain. Observation using Scanning Electron Microscopy (SEM) is also needed in order to see surface structure of biofilm formation.
Conclusions
Guava seed fermentation was potential to produce biofilm from indigenous lactic acid bacteria candidates. J-6 and J-8 had ability to form biofilm on glass slides, while J-7 strain was unable to form biofilm. Transmission Electron Microscopy observation showed that all the strains had ability to form biofilm in broth cultures, and it was strain-dependent with different phase and forms of biofilm for each strain.
